ABSTRACT
NaCAS hydrolyzates obtained at different hydrolysis times by the enzyme of Bacillus sp. 23 P7 was studied. Finally, SPI acid gels were evaluated in the presence of whey soy protein 24 isolate (WSP) in different ratios. The gel images were obtained by conventional optical 25 microscopy and texture parameters were obtained by using specific programs which were 26 developed in Python language. Shannon entropy, smoothness, mean normalized grey level 27 variance and uniformity were analyzed as estimators of the texture of the images obtained. 28 Results obtained in the evaluated systems showed that these parameters were able to 29 represent the structural changes in the gel network, as changes in size of pores or in degree 30 of compactness. Also, these results were contrasted with rheological properties of the 31 systems evaluated. lines. However, to develop these food products with the desired texture, another food 39 constituent stabilization is needed, where proteins play a key role due to their functional 40 and interaction properties (Foegeding, Çakır, & Koç, 2010) . The use of a simplified model 41 system provides a scientific framework, allowing prediction of the behaviour of a more 42 complex system, and facilitating the development and formulation of new products with 43 the desired characteristics. 44 Bovine milk proteins are extensively used in the food industry because of their 45 physicochemical, nutritional and functional properties. Bovine caseins can be precipitated 46 at pH 4.6 and may be resolubilized by increasing the pH. If the pH increase is carried out 47 by addition of NaOH it is possible to obtain sodium caseinate (NaCAS), which is widely 48 used in the food industry (Ennis, & Mulvihill, 2000; Mulvihill, & Fox, 1989) . NaCAS are 49 stable against heat treatment which makes them an excellent nutrient (Manski, van 50 Riemsdijk, van der Goot, & Boom, 2007). NaCAS particles are found in aqueous solutions 51 as individual protein molecules, oligomers (NaCAS nanoparticles) or sub micelles of 52 caseins (Farrell, Cooke, King, Hoagland, Groves, Kumosinski et al., 1996) . NaCAS assists 53 in the texturing of different foods, for example, it is used in the industry of meat products, 54 sausages and luncheon, due to its heat resistance, adhesiveness and ability to confer 55 juiciness to the product. 56 In the food industry, proteases have been extensively used in cheese-making, bakery 57 products, preparation of soy hydrolyzes and meat tenderized (Rao Consumption of soy-based products has grown due to its beneficial effects on health 82 and nutrition (Friedman, & Brandon, 2001 (Foegeding, 2007) . Therefore the use of a non-invasive technique as COM permits to avoid this drawback.
127
Image analysis provides a tool for the characterization of protein gels and this study 128 allows us to understand how the gel network is formed and how it is affected by the 129 processing conditions (Langton, & Hermansson, 1996) . Moreover, Rodríguez-Hernández NaCAS aqueous suspensions were prepared from dissolution of commercial drug in 148 distilled water (isoionic pH) at room temperature. After concentration measurements, 0.15 149 g/l sodium azide was added as a bacteriostatic agent, and the solutions were stored at 4 °C.
150
Protein concentration was determined by the Kuaye's method (Kuaye, 1994 ).
151
The SPI was prepared following the procedures outlined by Sorgentini and Wagner 152 (1999), from defatted soy flour (Solae Latin America, Brazil), which was not heat-treated 153 and was desolventized under mild conditions (90.7  0.2 g/100g, N  6.25) (Sorgentini, & 154 Wagner, 1999). The WSP was prepared from the supernatant of the isoelectric 155 precipitation (pH 4.5) of SPI proteins. It was adjusted to pH 8 and centrifuged (12,400 x g, 156 15 min., and 20 °C) to obtain a clarified supernatant. Later, 60 g of ammonium sulphate 157 was added for each 100 mL of supernatant to achieve 90% saturation (Scopes, 1994;  
Acid gelation by GDL addition
187 First, the effect of gelation rate on the microstructure of NaCAS gels was tested. Solid
188
GDL was added to a solution of NaCAS 3g/100g to achieve four systems with different 189 ratios GDL / NaCAS concentrations (R = 0.35, 0.5, 0.7 and 1). 
where p(Ni) is the statistical sample frequency normalized from the grey scale and L is the 222 highest black level. Previously, the colour images were transformed into normalized grey 223 scale (8-bit) to achieve maximum contrast.
224
The value of U is maximal for an image in which all grey levels are equal (maximally In addition, the mean diameter of pores or interstices was determined through Image J Figure 1 shows the images of microstructure of NaCAS gels obtained with different R.
269
It is possible to observe that gels showed a greater structuring at minor gelation rates 270 (minor R). When the process is slower, the matrix of gel may carry out restructuration with 271 formation of news interactions. Therefore, the network becomes more compact with a 272 smaller mean diameter of the pores.
273
Figure 1 Thus, when R increased, the mean diameters of gel pores were bigger and the sharpness of 290 images was lower due to the presence of NaCAS particles in the interstices leading to a 291 poorly interconnected network.
292 Table 2 293
Results of rheological properties of NaCAS gels revealed that tg and pHg decreased as R 294 increased (Table 3) . Because the same amount of H + is needed to attain the NaCAS gelling Table 3 302
In conclusion, the kinetic of gel formation determines the degree of compactness of gels 
Effect of hydrolyzate addition on microstructure of NaCAS gels
The effect of bioactive hydrolyzate addition on NaCAS gels is shown in Fig. 2 The results of the analysis of textural parameters show that only the presence of the 320 hydrolyzates obtained after 4 h promoted a significant change in S and U values (Table 4) . Table 5 331 332
According to these results, the degree of compactness and the microstructure of NaCAS 333 gels could not be altered by the incorporation of hydrolyzates in the NaCAS solutions.
334
These results are promising as regards the use of these hydrolyzates, which have different 335 biological activities, in the manufacture of dairy products, e.g. yoghurt-style desserts, 336 formed by the mechanism of acid-induced casein aggregation. faster (Ingrassia, 2011) . Therefore, the degree of compactness of gels decreased when 346 WSP ratio increased, probably because an increase in gelation rate that leads to a minor 347 restructuration of the gel network.
348
Figure 3
349
The mean diameter of the pores increases significantly (p<0.05) when the WSP ratio 350 increases (Table 6 ). These results confirm that SPI gels are less compact in the presence of 351 WSP. Since WSP does not form gels, these changes in SPI/WSP gel mixtures could be 352 related to a decrease in network rearrangements due to the interaction between both protein 353 groups.
354 Table 6 355 Textural parameters obtained from acid gel images indicate that the presence of WSP 356 induced significant changes in textural characteristics of these gels. Table 7 361 Rheological parameters of SPI/WSP acid gels are shown in Table 8 366 Therefore, the WSP addition modifies the SPI gel microstructures generating a network 367 with bigger and more defined pores and with a less elastic character. Firstly, it may be concluded that the rate of gelling process was closely related to the 378 final microstructure of the gel network. As this rate increases, the diameter of pores 379 becomes bigger and the elastic character of gels was smaller. These different levels of gel 380 microstructure were consistent with their rheological behaviors.
381
Secondly, the addition of hydrolyzates to the NaCAS gel matrix did not significantly 382 alter the microstructure of these gels. On the contrary, when WSP was added to SPI 383 dispersions it carried out to progressively weaker gels. Table 2  575 Textural parameters obtained from digital images of NaCAS gels at different ratios GDL / NaCAS 576 concentrations (R): Shannon entropy (S), smoothness (K), uniformity (U), and mean normalized grey level 577 variance ( 2 (N)). NaCAS concentration: 3 g/100g, T= 35 ºC. 578 
